We present measurements of the electrical conductivity at low temperatures of bulk samples of Si:P under uniaxial stress controlled to bring the samples within 0.1% of the metal-insulator transition. As the metal approaches the critical point, we find that the power law of the temperature correction to the conductivity predicted for weak Coulomb interactions continues to fit, but that its sign, size, and range of validity change. Its size defines a diffusion temperature which tends towards zero at the critical density, at which point the power law itself appears to change.
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where a i varies slowly with the electron density n, and the diffusion temperature (0cm) '. ] Our results provide the first indication that TD We present here some new aspects of the behavior' of Si:P at milli-Kelvin temperatures in the metallic state near the metal-insulator transition. We find that the results can be described by extending the description" of interacting electrons in a weakly disordered metal into the region of strong scattering near the critical point.
Previous experiments well above n, and first-order perturbation theory' gave the temperature dependence of the conductivity as cr(n, T) = o(n, 0) + a i(T/TD)' tends toward 0 as n approaches n, . We also confirm that the T' ' term changes sign and that the crossover temperature tends toward 0. The analysis requires very small rounding of the transition and no minimum metallic conductivity for n/n, -1 )10 3.
Previous studies have described the critical point of the metal-insulator transition in disordered systems by presenting results along two paths in a densitytemperature (n -T) phase diagram. Both paths approach n, by varying n at T = T, = 0 K: one from the metallic side's using the conductivity, cr(n, 0), and the other from the insulating side' using the dielectric susceptibility, 4e X(n, 0). We also present here an estimate along an orthogonal direction: measuring a (n"T), i.e. , lowering T toward 0 K at n = n, We. also confirm results' on o (n, 0) to within -0.1% of n, . 8.03, 7.82, 7.56, 7.36, 7.15, 7.00, 6.83, 6.71, 6.59, 6.33, 5.73, 5.12 This temperature dependence at n = n, is a crude estimate because the fitting range is only 10~T~36 mK, limited at low T by rounding effects and at high T by a change to a slower variation. We estimate the uncertainty from these factors in the exponent in Eq.
(5) to be -30%, although additional systematic uncertainty arising from the determination of n, is significant. We note that the extension of the dotted line to T & 36 mK roughly coincides with the region of the crossover from T' to a slower T dependence and serves to emphasize the tendency of 4, toward 0 as n approaches n, .
The results for o (n, T) as a function of n/n, -1 are shown in Fig. 2 at T = 30 and 3 mK and in the limit as JT 0, with S/S, converted to n/n, linearly as described previously. ' The solid circles were taken at constant T as S was varied, in contrast to most of the data in Fig. 1 Fig. 1 . The solid curve is a fit to these points given by thermally to the sample by the walls of the stress chamber. The o (n, T) values were obtained with a current of (2.5 x 10 ' A applied to two spot contacts, with the resulting voltage measured from two separate contacts using a preamplifier with input resistance 100 MO and capacitance 15 pF. Since the sample dimensions between voltage leads were (1.5 x 1 x 0.4) mms, the applied electric fields were -10 V/cm. A lock-in amplifier was used in phase with the applied current at a frequency of 11 Hz.
Under these conditions, we found no rounding (arising from, e. g. , measuring frequency and current) within our experimental accuracy in the region above either o (n, T ) -10 ( 0 cm) ' or T -10 m K.
In Fig. 1 
with F -= x 'ln(1+x), x =-(2kF/K)', Ar is a constant, A. =2, and the Thomas-Fermi screening wave vector K is given by the free-electron formula for a material with a single-valley, isotropic band structure.
Bhatt and Lee" show that Si:P can be described by moderate anisotropy and small intervalley scattering so that X = 4 and x = 0.5 (n/10") ' ' Far from .n" TD varies as TF times the diffusion coefficient. In the limit as n n, the formulas are expected to from 4wX(n, 0) (Ref. 9).
As noted previously, 9 (/v = 2.25 +0.5. The exponents v and f describe the data for a range of n/n, of about a factor of 2 (and, for v, as close as n/n, -1-10 '). Results'4 A phenomenological analysis suggests that TD has a critical variation, but that its form is highly uncertain, varying as something between I/o (n, 0) and cr(n, 0). Scaling theories of localization' can account for some of the observed behavior by assuming a suitable inelastic scattering time, but we know of no such evaluation that can account for the sign change observed in the T ' ' term. An extension' of secondorder perturbation theory including localization and Coulomb interactions gives TD~o (n, 0)4I'. This theory predicts behavior qualitatively in agreement with all the results presented here, including the exponents a -0. 3, u -0.6, f -1. 4, and g/y -2.3. In summary, our results seem to confirm the importance of both the random potential and Couiomb interactions in the metal-insulator transition.
We would like to thank R. N. Bhatt and P. A. Lee for helpful discussions.
